Two age groups (young and old, n = 12) matched for physical fitness and two physical fitness groups (high and old, n = 12) matched for age participated in a four month physical fitness programme. Blood samples were drawn at four stages of metabolic stress at the pre-test and five stages at the post-test. The blood samples were analyzed by calorimetric methods for total cholesterol and free cholesterol. Statistical analysis revealed that: (1) Short-term exercise increased total cholesterol, free cholesterol, and the percent free cholesterol from the resting state to the submaximal and maximal exercise states. (2) There was no change in free serum cholesterol from the pre-to post-tests. (3) The high-fit group, compared with the low-fit group, had a lower free cholesterol level but had similar percent free cholesterol values. (4) There was no significant difference between age groups for either total serum cholesterol, free cholesterol, or the percent free cholesterol levels.
INTRODUCTION
The association of hyperlipidemia with the atherosclerotic process is well documented in a wide range of experimental animals (Clarkson, 1963) and in man (Friedman, 1969) . With increasing cholesterol concentration, there is an increased risk of coronary heart disease. There is no evidence of a critical level of serum cholesterol which separates high from low risk individuals.
Compared with other species, man has a high concentration of total cholesterol (Goodman, 1965) . The percentage of free cholesterol usually does not change significantly even when the total cholesterol level is considerably altered (Goodman, 1965) . Free cholesterol makes up about one-third of the total serum cholesterol, while the remaining two-thirds is esterified with fatty acids (Goodman, 1965) . Since free cholesterol is more atherogenic than cholesterol ester (Lacko et al, 1972) , the percentage of free serum cholesterol in conjunction with the total cholesterol concentration is an important factor in the development of atherosclerosis.
It appears that physical activity will reduce serum cholesterol levels when there is a corresponding decrease in the percentage of body fat weight (Campbell, 1966 (Campbell, , 1968 Montoye et al, 1959; Tooshi, 1971) . Also, habitually active populations have lower serum cholesterol levels than sedentary populations (Casdorph, 1972; Faulkner et al, 1969; Karvonen et al, 1961; Lowenstein, 1964) .
The purpose of the present investigation was to observe the effect of a four-month programme on the total, free, and percent free serum cholesterol levels in high and low fitness groups matched for age and weight, and in young and old age groups matched for physical fitness and weight.
METHODS
Twenty-four men ranging in age from 24 to 65 years, were selected on the basis of age, weight and physical fitness level from 100 men who participated in the physical fitness programme at Purdue University, consisting of calisthenics, jogging, and recreational activities such as basketball, volleyball, swimming, squash, and handball. The 24 men were selected so that there was a young group (n = 12) and an older group (n = 12) which were matched for weight and physical fitness. In addition, the same 24 men were divided into two physical fitness groups using the test criterion of Ismail et al, (1965) , a 'low-fit' group and a 'high-fit' group (n = 12).
The two fitness groups were matched for age and weight. All subjects had clinically normal serum glucose: 70 to 120 mg% (Harleco), and triglyceride: 30 to 200 mg% (Oxford), levels.
The subjects were tested at the beginning and at the end of the four-month fitness programme. Venous blood samples were drawn at four stages of metabolic stress: rest, submaximal exercise (10 minutes of treadmill walking at 3 m.p.h. with the elevation increased by 2% every 2 minutes), maximal exercise (running on a treadmill at 6 m.p.h. with the elevation increased by 2% every blood sample taken at the same stress that corresponded to the pre-test. The second blood sample was obtained to reflect the new maximal level.
The biochemical variables were measured by colorimetric methods. Serum triglycerides were measured according to Oxford Laboratories Procedure.* Serum glucose levels were measured according to a Harleco Procedure.** The total cholesterol and free cholesterol concentrations were measured by the Hycel Method.*** Data were analyzed by a factorial analysis of variance with subjects grouped by age-fitness groups. The Newman-Keuls analysis was used for mean comparison whenever the analysis of variance results yielded significance at a minimum of 0.10 level.
RESULTS
The means and standard errors of the variables used to select the age and fitness groups are presented in
Laboratories, Foster City, Cal. ** Glucose determination, Harleco Inc., Philadelphia, Pen. *** Cholesterol determination, Hycel Inc., Houston, Tex.
37 Table 1 . The young and old groups were matched for weight and physical fitness. The high-fit and low-fit groups were matched for weight and age. Both age groups and both fitness groups improved significantly in physical fitness level from the pre-to the post-tests. The glucose levels were similar for both the young and old groups and the high-fit and low-fit groups. There was a significant difference in resting serum triglyceride levels between the high-fit and low-fit groups.
The means and standard errors of the total serum cholesterol, free cholesterol, and percent free cholesterol for the two age groups and the two fitness groups are presented in Tables 11, Ill and IV, respectively. The percent free cholesterol values were obtained by:
Free Cholesterol x 100= Percent Free Cholesterol Total Cholesterol For the three biochemical variables, a pattern isshown starting with a resting mean value that increases during submaximal exercise, followed by further increases during maximal exercise and decreases during the 15-minute recovery period. For total chlesterol, the effect of metabolic levels was significant at the 0.01 level. There was a significant increase in serum total cholesterol from the resting state of the submaximal exercise, and a further significant increase during maximal exercise with a significant decrease during the recovery period. The interaction of 39 tests by metabolic stages (TM) was significant at the 0.10 level. In the post-test, the resting serum total cholesterol was lower than at the pre-test whereas at all other stages of exercise, the post-test total cholesterol concentration was higher than the pre-test total cholesterol concentration.
The interaction of fitness groups by metabolic stages (FM) was significant at the 0.10 level using the metabolic stages that included maximal I exercise but was not significant using the metabolic stages that included maximal 11 exercise. The significant interaction using maximal I exercise but insignificant interaction using maximal 11 exercise was possibly related to the amount of time run on the treadmill by the high and low fitness groups. The longer the time run on the treadmill, the more time that is allowed for lipids to be mobilized from the tissues. Since the high-fit group compared to the low-fit groups (15.40 min. versus 5.67 min.) ran for a longer time on the treadmill during maximal I exercise in comparison with maximal 11 exercise (17.88 min. versus 10.11 min.), the mean differences between fitness groups were more apparent in FM using maximal I than in FM using maximal 11 exercise. The differences in serum total cholesterol between the low-fit group and the high-fit group were smaller during maximal I exercise in comparison with the other metabolic stages, which resulted in a significant interaction at maximal I exercise in Table V exercise were dependent upon the fitness level which determined the subjects' tolerance to stress.
The effect of metabolic levels was significant at the 0.01 level for free serum cholesterol and at the 0.05 level for percent free cholesterol. There was a significant increase in free cholesterol in the serum from the resting concentration to the submaximal exercise, with a further increase during maximal exercise, and a significant decrease during the recovery period. The percent free cholesterol at rest was significantly lower than the percent free cholesterol during exercise and during the recovery period. Acute exercise increased both the absolute and the percent free cholesterol. The high-fit group in comparison to the low-fit group had a significantly (P < 0.10) lower free cholesterol. However, there was no significant difference in percent free cholesterol between the two fitness groups.
DISCUSSION
Long duration exercise can alter the serum cholesterol level because cholesterol can be degraded by the oxidation of its side chain to carbon dioxide (Chaikoff et al, 1952; Myant & Lewis, 1966) . Side chain oxidation of cholesterol is increased during exercise in man (Malinow & Perley, 1969) and in rats (Malinow et al, 1968) . There is some evidence that serum cholesterol levels can be reduced by decreasing body weight (Campbell, 1966 (Campbell, , 1968 Faulkner et al, 1969; Lowenstein, 1964; Mock, 1972; Montoye et at, 1959; Teraslinna, 1966; Watt et al, 1972; Zauner, 1970) . Generally, in overweight individuals there is a loss in body weight as a result of a long-term exercise programme so that exercise may indirectly be associated with the decrease in serum total cholesterol level. Since there was no significant reduction in body weight in the 24 subjects in this study, this finding could explain why there was no significant change in serum total cholesterol concentration from the pre-to post-tests.
In this study the high-fit group, in comparison to the low-fit group, had a significantly lower free cholesterol concentration. In the design of the study, the two fitness groups were matched for weights, however there was a significant difference between the high-fit and low-fit groups in terms of the percentage lean body weight. At pre-test, the high-fit group was 86.3% lean and the low-fit group was 80.0% lean. Montoye et at, (1974) have reported a significant positive correlation between total cholesterol and body fatness as measured by the sum of four skinfolds in 4000 subjects aged 10 to 64 years. Thus, the difference in percent lean body weight between the two fitness groups may have contributed to the significant difference between the two groups. Habitual exercise over several years by the high-fit group could possibly explain the differences.
In man, the lecithin-cholesterol acyltransferase (LCAT) enzyme catalyzes the transfer of fatty acids from the 3-position of lecithin to free cholesterol in the plasma (Glomset, 1962; Glomset et at, 1962; Sperry, 1935) . Since human plasma does not contain enzymes that hydrolyze cholesterol esters, the esterification of free cholesterol represents the activity of LCAT.
The effect of short-term exercise in this study, increased the total cholesterol, free cholesterol and percent free cholesterol. During the recovery period, the total cholesterol and both the absolute and percent free cholesterol decreased. Since there was an increase in total lipid mobilization including total cholesterol mobilization during exericse, it was expected that the free cholesterol level would increase as well. Since the percent free cholesterol level increased significantly, it was indirect evidence that the enzyme LCAT was unable to esterify the free cholesterol at the same rate that the free cholesterol was mobilized. A study by Abdulla et al, (1969) has noted that free cholesterol is mobilized faster than saturated or mono-unsaturated cholesterol esters which supports the results of this study.
Several studies have indicated that the LCAT esterifying activity decreases with age (Gherondache, 1963; Wagner & Poindexter, 1952) . Thus a greater ratio of esterified cholesterol has been found in younger persons than older individuals (Gherondache, 1963; Lopez et al, 1967; Wagner & Poindexter, 1952) . In the present study, there was no significant difference in percent free cholesterol between the young and old groups. Since the groups were matched for weight and physical fitness, it is possible this may account for conflict with the literature.
In summary, the data in this study suggest the following:
(1) Short-term physical exercise increased the total cholesterol and both the absolute and percent free cholesterol from the resting state to the submaximal exercise state, to the maximal exercise state, and decreased in the recovery period.
(2) There was no significant change in free serum cholesterol level due to a four-month physical fitness programme which did not alter the body weight.
(3) The high-fit group had a significantly lower free cholesterol level than the low-fit group but had similar percent free cholesterol values.
(4) There was no significant difference between age groups matched for physical fitness and weight for the serum total cholesterol, free cholesterol or percent free cholesterol levels.
